In the Netherlands Cohort Study, the authors investigated whether anthropometry is associated with prostate cancer risk. At baseline in 1986, 58,279 men aged 55-69 years completed a self-administered questionnaire on diet, anthropometry, and other risk factors for cancer. After 6.3 years of follow-up, 681 cases were available with complete data on height and weight at baseline, and for 523 cases, there were data for weight at age 20 years. In both age-adjusted and multivariate case-cohort analyses (adjusted for age, family history of prostate cancer, and socioeconomic status), height, body mass index (BMI; kg/m 2 ), and lean body mass (kg) at baseline were not associated with prostate cancer risk. The rate ratios of prostate cancer for men with a BMI at age 20 of less than 19, 19-20.9, 21-22.9, 23-24.9, and 25 or greater were 1.00 (reference), 1.06, 1.09, 1.39, and 1.33, respectively (p for trend = 0.02). For gain in BMI from age 20 years to age of the cohort at baseline, an inverse trend in risk was found (p for trend = 0.01), which did not persist after additional adjustment for BMI at age 20 (pfor trend = 0.07). In subgroup analyses, no clear associations between anthropometry and advanced prostate cancer were found. Our findings suggest that body composition in young adulthood may already exert an effect on later risk of prostate cancer. Am J Epidemiol 2000;151:541-9.
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anthropometry; cohort studies; prostatic neoplasms; questionnaires Prostate cancer is one of the most frequently occurring types of cancer in Western countries, but up to now, very little has been known about the etiology of the disease. Body composition is one of several possible factors that might be related to prostate cancer risk (1, 2) . Different epidemiologic studies have evaluated this possible relation but with inconclusive results. For height, weight, and body mass index (BMI), mostly positive or null associations have been reported, both in cohort and case-control studies, but inverse associations have also been observed (1, 2) . A potential role of lean body mass (LBM) in prostate cancer etiology is also still questionable (3) (4) (5) . One important drawback that probably contributes to a, thus far, fairly incomplete picture of anthropometry and prostate cancer is that the majority of previous studies did not evaluate this relation extensively.
Observed associations between anthropometry and prostate cancer are often explained by an interaction with hormonal levels (androgens), but mechanisms through insulin or growth factors have also been proposed (4) (5) (6) . A hormonal etiology for prostate cancer seems plausible because the normal growth and functioning of the prostate is influenced by androgens. Increased testosterone has been implicated in prostate cancer carcinogenesis (7) , and body mass appears to influence serum androgen concentrations (8) (9) (10) . Because of the long induction period of cancer, a possible effect of body composition on prostate cancer risk might occur in an earlier stage of life. Only six studies (5, 6, (11) (12) (13) (14) have reported some results on anthropometric measures early in life or change in anthropometric measures during lifetime in relation to prostate cancer risk. Some findings do, indeed, indicate an early effect of body composition, but data are too sparse to draw strong conclusions.
Here, we report our results on anthropometry and change in anthropometric measures during lifetime in relation to prostate cancer risk from the Netherlands Cohort Study (NLCS).
MATERIALS AND METHODS

The cohort
Because the study design has been described before (15), we will give only a brief outline. In September 1986, the NLCS was initiated. At baseline, 58,279 men aged 55-69 years completed a self-administered questionnaire on usual diet, lifestyle, personal and family history of cancer, anthropometry, demographic data, and other risk factors for cancer. The case-cohort approach (16) was used for data processing and analysis. For calculation of incidence rates of prostate cancer, the number of cancer cases diagnosed in the entire cohort was used as the numerator, while person-years at risk (denominator) were estimated using a random sample of 1,688 men (subcohort). Follow-up for incident prostate cancer was established by computerized record linkage with all nine cancer registries in the Netherlands and with the Dutch national database of pathology reports (PALGA) (17) . The subcohort has been followed up biennially for vital status information, which involved personal mailings and (for nonrespondents) additional contacts with municipal population registries. Completeness of cancer follow-up was at least 96 percent (18) , and no subcohort members have been lost to follow-up. After a follow-up period of 6.3 years (September 1986 to December 1992), 704 incident, microscopically or histologically confirmed, primary prostate cancer cases were detected.
Data collection and analysis
Information on height (cm), weight at baseline (kg), and weight at age 20 years (kg) was obtained by using a serf-administered questionnaire. To minimize observer bias in coding and interpretation of the data, questionnaire data for all cases and subcohort members were key-entered twice and processed in a manner blinded with respect to case-subcohort status. Baseline BMI and BMI at age 20 years were calculated using baseline weight and weight at age 20, respectively, divided by height at baseline squared (kg/m 2 ). (20) . Exponentially distributed survival times were assumed in the follow-up period. Since standard software was not available, specific macros were developed to account for the additional variance introduced by using the subcohort instead of the entire cohort (21) . Tests for trend were based on likelihood ratio tests; two-sided p values are used throughout this report. Age-and multivariateadjusted analyses were conducted for categorized and continuous anthropometric variables. Variables included in the multivariate analyses were age (continuous), family history of prostate cancer (no, yes), and socioeconomic status (low, medium, high) because these were associated with prostate cancer risk in our study. Energy and fat intake were not related to prostate cancer risk in the NLCS and, therefore, are not considered as potential confounding variables. The same applies to vegetable and fruit consumption (22) .
To evaluate whether results for baseline BMI were biased because of an influence of disease occurrence, we performed analyses with exclusion of cases detected in the first 2 years of follow-up. To investigate the hypothesis that latent and nonlatent or aggressive prostate tumors might have different etiologies, subgroup analyses were performed for continuous anthropometric variables within case subgroups of localized OVJ, MQ), and advanced (T^, Mo; T^, M,) prostate tumors (using the TNM classification); welldifferentiated, moderately differentiated, poorly differentiated, and undifferentiated prostate tumors; and latent and nonlatent tumors. Based on information from the pathology reports that have been obtained from PALGA, prostate cancer cases detected during transurethral prostate resections were coded as latent. Cases detected during surgical procedures used in cases of suspected cancer (biopsy, radical prostatectomy) were coded as nonlatent. Cases were excluded from these subgroup analyses when this additional information was unknown or unclear (38.8 
percent).
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RESULTS
In table 1, anthropometric variables are described for cases and subcohort members. The means of all anthropometric variables did not differ to a large extent between cases and subcohort members. Furthermore, when subcohort members with missing information for weight at age 20 years were compared with those who had mentioned their weight at age 20, no differences in mean height were found. However, subcohort members with missing information about weight at age 20 had a lower weight and BMI at baseline (76.4 kg and 24.6 kg/m\ respectively) than did men with complete information (78.4 kg and 25.1 kg/m 2 , respectively). These differences in mean weight and BMI were statistically significant. For cases, subjects with missing information about weight at age 20 years did not differ on baseline height, weight, and BMI from cases who had mentioned their weight at age 20 (data not shown). Also shown in table 1 are some potentially confounding variables. The mean age is somewhat higher among cases (63.8 years) than among controls (61.4 years). Furthermore, cases more often reported a positive family history of prostate cancer (4.3 vs. 2.6 percent) and are more highly educated than are subcohort members.
In table 2, age-adjusted as well as multivariateadj usted rate ratios of prostate cancer are displayed for baseline height, BMI, and LBM. In both the ageadjusted and the multivariate analyses, height was not associated with prostate cancer risk. The rate ratios for BMI at baseline were slightly (but nonsignificantly) increased in the third and fourth categories, but the rate ratio was somewhat decreased in the highest category, and there was no trend in risk (p for trend = 0.73). For LBM, we found no association with prostate cancer risk. Results for BMI and LBM after exclusion of cases detected in the first 2 years of follow-up were essentially the same (data not shown). We also conducted analyses in which each exposure variable was adjusted for the others. The estimated rate ratios were essentially the same as those presented in table 2 (data not shown).
In table 3, results for BMI at age 20 years and gain in BMI from age 20 to cohort baseline age are displayed. For BMI at age 20, a significant positive trend in risk (p for trend = 0.02) was found. Men with a BMI at age 20 years of 25 or more had a rate ratio (RR) of 1.33 (95 percent confidence interval (CI): 0.81, 2.19) compared with men with a BMI at age 20 years of less than 19. For both subcohort members and cases, 9 percent of all men lost weight. The mean gain in weight (standard deviation) for subcohort members and cases was 12.1 (8.4) kg and 11.2 (7.1) kg, respectively. The mean gain in BMI (standard deviation) was 3.9 (2.6) kg/m 2 for subcohort members and 3.6 (2.2) kg/m 2 for cases. A significantly decreasing trend in risk was observed for an increase in BMI from age 20 years to cohort baseline age (p for trend = 0.03); however, after additional adjustment for BMI at age 20, the trend test was no longer statistically significant (p for trend = 0.07). Only in the two highest categories of gain in BMI were nonsignificant decreased RRs observed (0.83 and 0.67, respectively).
In table 4, rate ratios are displayed for continuous anthropometric variables in case subgroups of localized and advanced prostate tumors. No association was found between height and localized or advanced tumors. Baseline BMI and LBM were also not associated with either localized or advanced prostate tumors. X There was missing information for 0.9% (cases) and 0.7% (subcohort members); low is defined as primary school wtth/without lowerlevel vocationaJ education, medium as secondary school or medium level vocational education, and high as university or higher level vocational education. In contrast, for BMI at age 20 years, a significant increase in risk of localized prostate tumors was found (RR per increment of 2 kg/m 2 = 1.18, 95 percent Cl: 1.04, 1.35) . No association between BMI at age 20 years and advanced prostate tumors was shown. The overall negative association between gain in BMI and prostate cancer risk was more pronounced for localized prostate tumors (RR = 0.87, 95 percent Cl: 0.74, 1.02 per increment of 2 kg/m 2 ). Table 5 shows continuous anthropometric variables evaluated in case subgroups by differentiation grade of the tumor. Some associations were noted in different subgroups; however, anthropometric measures showed no consistent association with one specific subgroup of prostate cancer tumors. For both latent and nonlatent tumors, no clear associations were observed (data not shown).
DISCUSSION
In our study, we observed no clear associations between height, BMI, and LBM and prostate cancer risk. For BMI at age 20 years, a significant positive trend in risk was observed. In contrast, for a gain in BMI from age 20 to baseline age of the cohort, a significant inverse trend in risk was found. After correction for the absolute BMI at age 20 years, the trend test was no longer statistically significant. In subgroup analyses, these observed associations for overall prostate cancer risk were found mainly in the subgroup of localized prostate tumors. We found no evidence that anthropometric variables were more strongly related to advanced prostate tumors, poorly and undifferentiated tumors, or nonlatent tumors. reported, and misclassification of exposure is a potential source of bias. Weight at age 20 years was used to calculate BMI at age 20, and misclassification of BMI at age 20 might have occurred because weight at age 20 is difficult to remember. However, misclassification is expected to be nondifferential, and therefore, a possible effect on the risk estimates should be toward the null value. When we compared the mean self-reported height and weight at baseline in the subcohort with the mean height and weight of a representative sample of Dutch men aged 50-69 years in 1985-1988 (24), these measures were comparable. Finally, residual confounding of the effect measures cannot be excluded, although we considered several potential confounding factors. For 20 and 23 percent of cases and subcohort members, respectively, data regarding BMI at age 20 years were missing. Cases with and those without information regarding BMI at age 20 years did not differ in baseline anthropometric measures, but subcohort members with missing information had a lower weight and BMI at baseline than did subcohort members with complete information. Because of these missing data, our positive association with regard to BMI at age 20 needs to be interpreted carefully. One case-control study reported no association between BMI 20 years prior to the interview and prostate cancer (25) . In another case-control study, risk estimates for prostate cancer were nonsignificantly increased in association with BMI at ages 25 and 45 years (14) . In contrast to these findings, Giovannucci et al. (5) found no association between BMI at age 21 years and overall prostate cancer risk, but an inverse association between BMI at age 21 and advanced prostate cancer risk was reported; the rate ratio for men with a BMI of 26 or more versus less than 20 at age 21 years was 0.53. For obesity at ages 5 and 10 years, based on self-reported assessments using pictograms of body size, a reduced risk was also noted. An explanation that was given for this decreased risk is that if obesity is related to the hormonal milieu, low testosterone and insulin-like growth factor I levels and higher estrogen levels may lower the risk of prostate cancer. In another cohort study (6) and a case-control study (11) , no clear associations were seen for BMI at a younger age (20 or 25 years) and prostate cancer risk. In general, obesity has been reported to be inversely associated with plasma testosterone levels (5, (8) (9) (10) 26) , and lower testosterone levels may be related to a lower prostate cancer risk (7) . Therefore, the suggested positive association observed in our study is somewhat unexpected. However, obesity also shows an inverse relation with sex hormonebinding globuline (SHBG), and SHBG is hypothesized to have an inverse association with prostate cancer risk (27) . Because SHBG binds to testosterone and lower levels of SHBG may lead to higher levels of bioavailable testosterone, this might be a pathway explaining our observed positive association between BMI at age 20 years and prostate cancer risk. Our results, which indicated an inverse trend in risk when evaluating gain in BMI from age 20 years to cohort baseline age (55-69 years) are not in concordance with this hypothesis, however. Nevertheless, it might be plausible that different hormones or hormone levels are involved at different stages in prostate cancer development. The prostate resides in a multihormonal environment, and a number of growth-regulatory pathways with complex interactions are involved in epithelial proliferation (28). The exact role of hormones in the development of prostate cancer remains poorly understood (29). Therefore, studies providing insight into possible mechanisms of action of hormones in relation to prostate growth and prostate cancer are needed. In two cohort studies, no association between change in BMI from age 25 years to cohort baseline age (>65 years) (6) or change in BMI from college years to years after college (13) and prostate cancer risk was found. However, in one of these cohort studies, percent change in BMI from age 50 years to cohort baseline age (>65 years) showed a positive trend in risk (p for trend = 0.04), although none of the rate ratios were statistically significant (6) . Obviously, misclassification because of a poor memory of BMI at earlier ages may have influenced results in different studies.
According to the results from one study, it has been suggested that lean body mass may be associated with prostate cancer risk and not the fat tissue. In that study, a positive association was observed between the area of muscle in the arm, but not with area of fat in the arm, and prostate cancer risk (3) . The authors speculated that increased muscle development might reflect overproduction of sex hormone, since this is a pathway explaining their observed association. We found no association between estimated LBM and prostate cancer risk, and in another case-control study, no association between fat-free mass and prostate cancer was observed (30) . In a retrospective cohort study among 135,006 Swedish construction workers, a significant positive trend (p for trend = 0.002) in risk was observed between calculated LBM (using the same equation as in our study) and prostate cancer incidence (4). The age-adjusted risk estimate for men with an LBM of more than 62 compared with one of less than 55 was 1.17 (95 percent CI: 1.04, 1.32). A disadvantage of the calculated measure is that the assumption of a constant water proportion in LBM may not hold. Depending on the state of hydration and the relative components of LBM, the proportion of water varies (4, 19) . Sometimes, other measures were used to estimate the distribution of fat in the body. No clear associations were found between waist circumference and prostate cancer risk in three studies (5, 31, 32) . In the Health Professionals Follow-Up Study, among 47,781 men, an inverse association was noted between hip circumference and prostate cancer. The risk estimate for men in the fifth versus those in the first quintile was 0.85 (95 percent CI: 0.68, 1.06), and the trend test was statistically significant (p for trend = 0.04) (5). In one casecontrol study, no clear associations were observed widi hip or thigh circumference and biacromial breadth (31) . However, in the latter case-control study, significant differences between cases and controls were found for the waist-to-thigh ratio (p = 0.03), with the cases having a higher ratio than the controls. This was not confirmed in a later case-control study by the same authors (30) . In that study, the only anthropometric measures that consistently differed between cases and controls were indexes of upper body robustness, as assessed by biacromial, bideltoid, and biacromial-to-standing height ratio measures (30) . In one cohort study, the waist-to-hip ratio was not related to overall prostate cancer risk (5) .
Our results of no association between height and prostate cancer risk are in accordance with results from other cohort studies (3, 6, 13, 33, 34) and case-control studies (14, 25, (30) (31) (32) (35) (36) (37) (38) (39) (40) (41) (42) . Nevertheless, there were four cohort studies (4, 5, 43, 44) and two casecontrol studies (45, 46) in which positive associations with increasing height were indicated. In three of these studies (4, 43, 44) , the trend test was statistically significant, hi one case-control study (31) , the sitting-tostanding height ratio was significantly higher for cases than for controls. Previous analyses from our study showed a strong positive association between height and breast cancer risk (47) . Because we do not expect the determinants of adult height (e.g., childhood energy intake) to differ greatly between men and women in our cohort, the absence of variation in these determinants cannot explain our finding of no association between height and prostate cancer risk. The observed positive association between height and prostate cancer risk in some studies might be explained by the fact that tallness could be the result of higher levels of insulin-like growth factor I and testosterone, which might influence prostate cancer risk (4, 5) . hi the Health Professionals Follow-Up Study (5), one of the prospective studies in which a positive association between height and prostate cancer risk was found, an inverse association with preadult obesity was observed. Both attained height and childhood obesity may be related to the preadult hormonal milieu. Because of scarcity of data, more studies on preadult exposures in relation to risk of prostate cancer are needed.
The vast majority of previous epidemiologic studies on anthropometry and prostate cancer reported results on indices of body mass index, as an indicator of adiposity. As in our study, in most cohort studies no clear associations were observed (3, 5, 13, 33, 43, 48, 49) . However, in four cohort studies (4, 6, 34, 50) , positive associations were indicated. Case-control studies mostly reported null associations (25, 30-32, 36-40, 51-56) , but positive associations were also observed (12, 35, 45, 46) . Because of the inverse association between obesity and plasma testosterone levels (5, (8) (9) (10) 26) , one should expect BMI to be inversely related to risk of prostate cancer. However, the inverse association between BMI and SHBG, as described above, might explain the positive associations observed in some studies. Inconsistencies in reported results can partly be explained by the fact that the evaluated range in BMI differed between the various studies. Another important drawback of several of the published studies is that only correction for age was reported (3, 4, 12, 13, 25, 33, 34, 45, 46, 49, (51) (52) (53) (54) 56) . In addition, in several case-control studies, only a comparison of mean BMI between cases and controls was reported, and no risk estimates were computed (31, 32, (36) (37) (38) (39) (40) . Furthermore, if BMI in case-control studies was measured at the time of diagnosis, disease may have affected this measure, leading to biased results.
Finally, we found no evidence of anthropometric measures being more strongly associated with advanced, poorly and undifferentiated, or nonlatent prostate tumors. There were only a few other studies (5, 6, 11, 25, 43) in which case subgroups were evaluated. Results between these studies were not very consistent and do not permit definitive conclusions.
In conclusion, our results indicate an effect of early BMI (BMI at age 20 years) and change in BMI from age 20 to baseline age. Thus far, evidence for an effect of early weight and weight gain during lifetime is too limited to draw conclusions yet, and more research is also warranted to reveal potential mechanisms. Furthermore, the effect of timing of changes in anthropometric measures during lifetime also need attention in future studies on anthropometry and prostate cancer risk. We found no association between height, BMI, and LBM at baseline and risk of prostate cancer.
